Introduction
The rapid development of communication services has higher and higher demand for the requirements of call quality and traffic capacity, so that the distributions of communication base stations is more and more intensive in urban [1, 2] . Many base stations are built in urban centers, and most of base station antennas are set on rooftops of residential buildings or office buildings [3] . The influence of base station electromagnetic radiation on the surrounding environment has caused widespread public concern [4, 5] .
To enable the public to understand the electromagnetic radiation distribution near base stations, protect public health, and avoid excessive electromagnetic exposure for public, an investigation into the issue is very important [6] . The researchers generally adopt the finite difference time domain method and invariance test equation method to predict the electromagnetic propagation for microcellular communication systems [7, 8] . However, these methods are not suitably applied to the complex building models in different urban, or cannot accurately find the propagation path [9, 10] . In our previous work, we have demonstrated that the X3D propagation model and shooting and bouncing ray algorithm are suitably applied to simulation prediction of electromagnetic field of communication base station in different urban. Therefore, we adopt them to simulate the electromagnetic field of communication base station near Beijing Municipal Institute of Labor Protection, and research the horizontal distribution feature of electromagnetic radiation of base station.
Three-dimensional Modeling
A cube model was primarily adopted in modeling for buildings. After the spatial data collection for actual environment, we used the Wireless Insite software to restore the real scene. Since the actual environment contains other diffusers such as trees, street signs and utility poles in addition to the main buildings. Based on the simplified calculation principle, we ignored the minor impact of these diffusers on the electromagnetic field distribution. System modeling was conducted by taking the communication base stations and buildings near the Beijing Municipal Institute of Labor Protection as an example. Fig. 1 shows the layout of buildings in actual environment. The base station distributes on the rooftop of Kyoto Ruicheng Building. During the simulation, the strongest signal channel was chosen as the simulation channel. Table 1 shows the technical parameters of base station. During the simulation, considering the influence of the material properties on the ray propagation characteristics, the type of building materials was set the reinforced concrete, with a thickness of 300 mm, conductivity of 1.5×10 -2 (Ω • m) -1 , and permittivity of 15. The waveform type was set the sine wave, with a carrier frequency of 1833 MHz, and effective bandwidth of 1 MHz. The transmitter was set the point type, transmitter height was 27 m, with an angle of tilt 19 ° and input power of 43 dBm. The receiver was set the grid type with intervals of 2 m. In order to provide more realistic conditions, the specific parameters of the receiving and transmitting antennas were set in Fig. 2 . We set the propagation model to be X3D, with a ray interval of 0.25, reflecting order of 6, transmission order of 4, and diffraction order of 1. The establishment of simulation scene ( 
X3D Propagation Model
The X3D model propagates rays through the project's urban geometry and includes the effects of reflections, transmissions, and diffractions on the electric field. The primary benefit of the X3D model is the speed-ups achieved by the Multi-Processing Modules (MPM) and Graphics Processing Unit (GPU) parallelization of the ray tracing algorithms. 
Shooting and Bouncing Ray (SBR) Algorithm
The SBR method is employed to trace ray paths through the three-dimensional building geometry without regard for the location of specific field points. Rays are first traced from the source points with the rays reflecting secularly from the building walls. The rays that hit building walls are reflected secularly and continue to be traced up to the maximum number of reflections, or when the rays hit the study area boundary. Figure 4 shows the rays shot from the source point that end at the first reflection point on a building wall or that intersect the study area boundary. The ray density shown in the figure is much less than the density used in an actual calculation. Before describing how the SBR paths are used to find the geometrical propagation paths from the transmitter to the receiver points, the procedure for identifying diffracting edges will be described. In the Geometrical Theory of Diffraction (GTD), diffractions occur at the points where the field becomes discontinuous. The first order diffracting edges are found by searching for adjacent rays which follow different paths through the geometry, since such occurrences identify discontinuities in the Geometrical Optics (GO) fields. A diffracting edge can then be located between these rays. The arrow near the center of Figure 4 points to a diffracting edge identified in this way. Once the SBR paths have been traced from a transmitter or edge, the next step is to construct the specific geometrical paths to each field point from the transmitter or diffracting edge. Because SBR launches rays at discrete angles, it is unlikely that any ray will pass exactly through a field point. To compensate for the spacing between rays, a collection sphere is constructed around the field point. Rays that pass through this surface are used to construct the specific GO and GTD ray paths to the field point. The circle near the point (125, 400) in Figures 4 represents this collection sphere. For valid ray spacing and collection surface sizes, the SBR method will commonly find a number of rays that have followed essentially the same path through the project geometry. These types of rays represent the same wave front and therefore contain duplicate energy. To avoid over predicting energy at the field point, the rays are sorted according to the geometry faces they interacted with on the way to the field point. Rays that have similar interactions with the same geometry faces are identified as duplicates. Figure 4 . Rays, shot from a source, end on the reflection point on a building surface or terminate on the outer boundary.
Results and Discussion
In our previous work, we have demonstrated that the X3D propagation model and shooting and bouncing ray algorithm are suitably applied to simulation prediction of electromagnetic field of communication base station in urban area. Here, we adopt them to simulate the horizontal distribution of electromagnetic field for communication base station near Beijing Municipal Institute of Labor Protection. Fig. 5 shows the multipath distribution for the transmitter and receiver. In the transmission process from the transmitter to the receiver, there can be direct, reflective, diffractive, and other paths because of the propagation characteristics of electromagnetic wave (multiple reflection and diffraction). However, the complex interactions and spatial relationships for electromagnetic waves and scattering objects cause the electromagnetic shielding. In real environment, the existences of vehicles, utility poles, and trees cause the potential increase in the number of propagation paths of electromagnetic signals to reach the receiver through reflection and diffraction. Figure 5 . Multipath distribution between transmitter and receiver. Fig. 6(a) shows the received power coverage map for Tx1 transmitter. Fig. 6(b) shows the path loss coverage map for Tx1 transmitter. Through the comparison of Fig. 6(a) and Fig. 6(b) , we observe that the received power and path loss changed in the opposite direction, the reduction in path loss led directly to the increase in the received power. In Fig. 6(a) , the red areas represent the relatively strong electromagnetic field areas, the purple areas are the electromagnetic shielding because of complex interactions and spatial relationships for electromagnetic waves and scattering objects. Fig. 7(a) shows the locations for Receiver #12208, Receiver #12256 and Receiver #13231 in simulation scene. Firstly, we analyze the Receiver #12208 in relatively weak electromagnetic field area. There is a propagation path from the transmitter to the Receiver #12208, and the total received power is -82.06 dBm. Fig. 7(b) shows that the ray reaches the Receiver #12208 by a diffraction. Secondly, we analyze the Receiver #12256 in relatively strong electromagnetic field area. There are 25 propagation paths from the transmitter to the Receiver #12256, and the total received power is -25.56dBm. Fig. 7(c) shows the 25 propagation paths and received power of every path for Receiver #12256. From the figure, we can see that the total received power mainly results from the direct path. Path#1 indicated the ray transmitted from the transmitter to the receiver by a direct, and the received power is -27.15dBm. Path#2 indicated the ray transmitted from the transmitter to the receiver by a reflection, and the received power is -28.02dBm. Fig. 7(d) shows the multipath distribution between the transmitter and the Receiver #12256. Finally, we analyze the Receiver #13231 in electromagnetic shielding area. There is no propagation path for the transmitter and the Receiver #13231 because of electromagnetic shielding for scattering objects. 
Summary
In this paper, the X3D propagation model and shooting and bouncing ray algorithm are used to simulate the electromagnetic field distribution of communication base station near Beijing Municipal Institute of Labor Protection. The simulation results show that the propagation characteristics of electromagnetic wave cause the multipath propagations between transmitter and receiver; and the difference between transmission path loss causes the difference between total received power for each receiver. However, the electromagnetic shielding for scattering object causes no propagation paths between transmitter and receiver.
